Abstract
GS ratio without affecting the relative amount of other subunits. Milling yield and Flour and peak resistance, determined on the micro Z-arm mixer were increased in most cases.
28
Overall, the integration of Ay subunit showed significant positive effects in bread making 29 quality.
30
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Introduction
32
The bread making quality of wheat flour is mainly determined by seed storage protein 33 composition and quantity. HMW-GSs (High Molecualr Weight-Glutenin Subunits) play a 34 fundamental role in determining dough elasticity, which promotes the formation of larger 35 glutenin polymer (1). This group of seed storage protein accounts for about only 10% of grain 36 protein, but the allelic variation in HMW-GSs composition has been reported to account for 37 up to 50-70% of the variations in bread-making quality (2) . HMW-GSs are encoded by multi-38 alleles at the Glu-1 loci on the long arms of chromosomes 1A, 1B, and 1D. Each locus 39 consists of 2 tightly linked genes encoding an x-type and a y-type subunit. In bread wheat, 40 gene encoding subunits 1Bx, 1Dx, and 1Dy are always expressed; genes of subunits 1By and 41 1Ax are commonly expressed. However, gene encoding subunit 1Ay is usually not expressed 42 in bread wheat.
43
To utilise the genetic variations associated with the HMW-GS alleles, extensive 44 polymorphisms have been detected at all three Glu-1 loci. The degree of polymorphism is 45 still growing with the analysis of different landraces, wild species and wheat relatives (3, 4) .
46
The present number of identified alleles based on the Grain Genes 2.0 database is 22 for Glu-47 A1, 52 for Glu-B1 and 36 for Glu-D1. The effects on dough quality of the most frequent Glu-48 1 alleles have been assessed based on the scoring system developed by Payne and Lawrence 49 (5) . It is clear now that bread-making quality is positively influenced by certain allelles such 50 as GluA1a, GluB1i, and GluD1d alleles, containing 1Ax1, 1Bx17+1By18, 1Dx5+1Dy10 51 subunits. Whereas GluA1c, GluB1d and GluD1a alleles containing null, 1Bx6+1By8, and 52 1Dx2+1Dy12, respectively, are associated with poor bread-making quality (6, 7).
53
The gene encoding i 1Ay subunit was usually silenced in wheat (8) and expressed 54 combination of 1Ax+1Ay subunits had only been identified in some diploid and tetraploid 55 wheat germplasm (9). It is known that the y-type subunits contain more cysteine residues Italian bread wheat line after four cycles of backcrosses (Lafiandra et al., unpublished) 69
In order to evaluate the effects on Australian wheat quality of the unusual combination, with
70
both expressed x-and y-type subunits at the Glu-A1 locus, present in the Italian bread wheat 71 line, was integrated into two Australian wheat cultivars, Livingston and Bonnie Rock through 72 the creation near isogenic line (NIL). This study was designed to study how the 1Ax+1Ay
73
HMW glutenin subunit modify end product quality as monitored by small-scale quality tests.
74
Materials and methods
75
Plant materials
76
Wheat material with active vs silenced Ay gene were used in this study, which were generated However, the crosses with Australian cultivars used as female parent experienced difficulty 
MALDI-TOF-MS
HMW glutenin fraction of the seed storage protein was extracted following Peng et. al. (10) .
106
Sample preparation was carried out according to the dried droplet method (14) using 
133
RP-HPLC
134
Quantitative HMW-GS composition and HMW to Low molecular weight glutenin subunit
135
(LMW GS) ratio were determined by RP-HPLC as reported by Marchylo et al. (17) . Bonnie rock lines, compared with their corresponding Australian parent cultivars (Table 1) .
200
Significant increases in HMW-to LMW GS (Hi/Lo) ratio were also observed in the Ay the Bonnie Rock lines (6.52 -9.16%) ( Table 1) . Table 3 ). The Ay integration did not alter water absorption significantly with one 217 exception of Livingston line 3-1 (Table 3) .
218
The bread-making quality of the Ay integrated lines was characterized using Alveograph,
219
Zeleny sedimentation value, and the Z-arm mixture test. Results revealed that the Alveograph
220
W and P/L ratio increased significantly in the Ay integrated lines compared to the parental 221 cultivars (Table 3) . Under Livingston background, both the W value and P/L value were the 222 highest in line 3-1 (382mm 2 and 1.81, respectively) ( Table 3) . In Bonnie Rock, line 4-3 223 ranked top for both parameters. Zeleny sedimentation value was found to be higher in all (Table 3) .
226
The dough development time (DDT) and peak resistance (PR), determined on the micro Z- Glu/Gli ratio were increased from 3% to 8% in the Livingston Ay lines and from 2% to 10% 268 in the Bonnie Rock lines. For UPP%, it increased from 2% to 16% in both NILs. It is certain 269 that these alterations improve bread-making quality. As the amount of polymeric protein 270 content is directly related to the extensibility of dough (26) while the amount of large 271 polymers has strong relation with dough strength, stability and mixing requirement (27).
272
In light of these observations, the effects of the presence of Ay subunit on quality parameters 273 can be interpreted. In general, the overall quality of each Ay containing lines was improved.
274
However, for a given line, the extent of improvement in different quality parameters depends 
